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0 Fracturing fluid aiurry ooncantrata and mathod of uaa. 

0 A rracturing fluid slurry concentrate compriaing a hydrophobic solvent base (e.g. dlesel no. 2). a suspanstcn 
agent (e.g.. organophillc clay), a surfactant (e.g^ ethyoxylated nonyi phenol), and hydrataPle polymer ( .g.. 
hydroxypropyi guar).JSuch a poJymer slurry concentrata when admixed with water at the proper pH. will readily 
disperse and hydrate* thus producing a high viscoalty fracturing fluid. The fracturing fluid slurry concentrate and 
method are useful in producing large voiumee of high viscosity treating fluide at the well site on a continuous 
basis. 
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FRACTUniNC PLUlO SLURRY CONCENTRATE AND METHOD O^ USE 

♦ 

BACKGROUND OF TMg INVENTION 



1 . Re(d Of tna invendon: 

This invention relates to fracturing fluid alunry concentrates and method of using such slurry con- 
centrates In a continuous process for supplying Iraauring fluids for hydraulic fracturing of subterranean 
formations. More soeciflcaily. the Invention relates to the use at a polymer slurry comprising a polymer 
dispersed In a hydrophobic solvent In comoination with a suspension agent and a surfactant 



2. Description of the Prior Art: 

High viscosity fracturing fluids are often formuJated using dry additives which are mixed with water or 
IS other aqueous fluids at the lob site. Such commercial mixing procedures are known to Involve Inh rem 
problems, particularly on remote sites or when large volumes are required. Por exmpie, special equipment 
for mixing the dry additives with weter is required and problems such as chemical dusting, uneven mixing, 
lumping of the gels while mixing and extended preparation and mixing time are involved. The mixing and 
physical handling of large quantities of dry chemicals require a greet deal of manpower, and when 
20 continuous mixing is required, the accurate and efficient handling of dry chemicals is extremely difficult 
Also, with respect to batch mix applications, the occurrence of job delays can result in the deterioration of 
premixed gels and potential loss ttiereof as well as chemical losses due to tank bottoms and probi ms 
associated wlih the cost of pretreatment tank clean up. 
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SUMMARY OF THE INVENTION 

The prese 
concentration 



The present irwention provides a fracturing fluid concentrate which utilizes a stable, pumpefaie, high 
uuiicentration polymer slurry. The fracturing fluid concentrate according to the present Invention. In a 
JO volume sufficient to deliver the dasirBd polymer loading when admixed witii water at the proper pH, will 
readily disperse and hydrate, yielding a large volume of high viscosity treating fluid. As such, the 
composttlon and method of use according to the present invention avoid many of the previou s prob lems 
associated with batch processing of conventional fracturing fluid. The fracturing Huid concentrates are 
viewed as being applicable to both batch mix and continuous mix porcedures. 
35 Thus, the present invention provides a fracturing fluid concentrate comprising: 

(a) from about 40 to 70 parts by weight of a hydrophobic solvent 

(b) from about 60 to about 30 parts by weight of a hydratabie polymer; 

(c) from aiieut 0.5 to about ZJQ parts by weight of a suspension agent and 

(d) from about 0^ to about 5.0 parts by weight of a surfactant 

40 The method of producing a fracturing fluid for hydraulic fracturing of subtonwean formations according 
to the pwci invention comprises the steps of: 

(a) preparing a fracturing fluid concentrate comprising: 

(i) from about 40 to 70 parts by v»«ight of a hydrophobic solvent 
(li) from about 60 to about 30 parts by weight of a hydratabie polymer 
46 (ill) from about 0.5 to about 3.0 parts by weight of a'suspension agent 

(iv) from about 0.2 to about 5.0 parts by weight of a suriactanc and 

(b) admixing said fracturing fluid concentrate with an effective amount of water, thus producing upon 
hydration of the hydratabie polymer a high viscosity fracturing fluid. 

In one pardcuiarly preferred embodiment of the present invention, th hydratabie polymer le a 
50 hydroxypropyi guar and the suspension agent is an organophilic clay, while the surfactant Is a iion lomc 
such as an ethoxylated nonyl phenol or an ethyl ne oxide propyl ne oxid copolymer. Pnaferabiy. these 
moterlale are suspended and disoeraed in a hydrochobic solvent such m rilesel '^o- ^ .^^ •"J;^^,^^^^ 
the dry powd r befor dispersing in the hydrophobic fluid baa or in the aitemative. adding the suspension 
agent and surfactant to the hydrophobic solvent t)asa before admixing the polym r. 

It Is an object of the present invention to provide a fracturing fluid slurry concentrate that when admixed 
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with water or aqueous brin will produce a high viscosity fracturing fluid, it Is a furchar object of the present 
invention to provide such a rracturing fluid aiurry concancrate that is characterized by polymer loading in 
excess of at least 30% by weight up to about 60% by weight, tt is still a further object oi the present 
invention that the polymer slurry concentrate be highly stab'e. affording proiongad storage at the weil site, 
5 and rapidly hydratabie, affording continuous production of the desired high viscosity fracturing fluid again at 
rhe well site, it is an additional object of the present invention that the polymer slurry concentrate and 
resulting high viscosity fracturing fluid be compatible with other conventionoi fracturing fluid additives. 
Fulfillment of these objects and the presence and fuiftllmant of addlUonal objects will become apparent 
upon compfete reading of Che specification and claims. 

DESCRIPTION OF TH6 PREFERffeP EMBODIMENTS 

The fracturing fluid concentrate and method of using the same according to the present Invention 
IS involve a stable, pumpable. high concentration polymer siunry. The slurry is made up of four necessary 
ingredients: namely, a hydratabie polymer, a hydrophobic solvent base, a suspension agent, and a 
surfactant The term high concentration according co the present Invention refers to polyr^ier loading of the 
fracturing fluid concentrate at weight levels in excess of 30% and rypicaJly approaching 60%. The term 
pumpable for purposes of this invention refers to the lack of significant viscosity buildup In the fracturing 
20 fluid concentrate over a wide temperature range. The term stable refers to the fracturing fluid concentrate 
according to the pnasent invention exhibiting minimal polymer separation and no polymer packing for 
sustained periods of time, typically in excess of a week or more. 

Although the present invention is not viewed as being dependent on any single explanation or theory, 
and as such any proposed explanation is not to be viewed as unduly limiting, the operabtllty of the atabl . 
78 pumpsble. high concentration polymer slurry can be viewed as involving a hydratabie polymer dispersed rn 
a hydrophobic fluid. 

As such, the dispersion of hydrophlllc. hydratabie polymer which in an aqueous media would inherentiy 
result in a buildup of viscosity, in a hydrophobic environment results fn minimum viscosity rls . Con* 
sequently. the fracxuring fluid concentrate according to the present invention remains readily pumpable and 

30 builds viscosity only upon admixing with water, aqueous brine or tiie like. The suspension agent is present 
to maintain the polymer in a highly dispersed and suspended state within the hydrophobic fluid without 
significant sectilng or separation of polymer. This ts achieved by virtue of the suspension agents thioxtropfc 
behavior in the hydrophobic fluid. The surfactant is necessary to wet Che suspension agent for dispersion in 
the hydrophobic solvent and for removing the hydrocarbon from the polymer particles upon admixing the 

05 concentrate to ti^e aqueous phase when making the final high viscosity fracturing fluid. 

The hydrophobic solvent or solvent base according to the present invention can generally be any fluid 
that will dlssoive and/or suspend a dispersion of the suspension agent surfactant, and hydratabie polymer 
wherein the rata of hydration of the polymer is retarded. As such, the hydrophobic solvent base can be 
setecad from the group consisting of any of the non-volatile aliphatic and aromatic hydrocarbons and 

40 mixtures thereof as generally known in the art. This would Include by way of example, but not limited 
thereto: kerosene: mineral oil: crude oil; crude on distillates; vegetable oils: silicone oils; halogen&ted 
solvents; aster alcohols; primary, secondary and tertiary alcohols of e-12 cerbons; glycol ethers; glycols, 
such as polypropylene glycol of formula weight greater than lOOO: animal oils; and turpentine. Preferably, 
diesel fuel is employed aa the hydrophobic solvent base. 

46 The hydratabie polyer according to the present invention is essentially any polymer or mixture of 
polymers as generally known in the art which yield viscosity (l.e.. produce a viscosity rise) upon hydration. 
Thus, the polymers useful in the present invention Include* by way of example, but not limited ther to. any 
water soluble natural or synthetic polymers including polysaccharides and related polymeric materials such 
as guar, hydroxypropyl guar (HPQ). carboxy methyl dryoxypropyl guar, carboxymothyl hydroxyethyl cel- 

50 luloae. other cstiulostics and celluiostic derivatives, pofyacrylamides. and similar btopotymers and mixtures 
thereof. Preferable, the hydratabie polymer to be used according to the present Invention is HPQ. 

The suspension agent used according to the present in vention can be generally any ihlxotropie agent 
for the hydrophobic solvent base. This would Indud by way of example, but not limited thereto, an 
organophillc clay, hydroxylalkyi cellulose, hydroxyalkyl-alkyt cellules , fin meshed fumed silicas, mixtures 

w thereof and the lik . 

Pr«f«rably, the suspension agent to be •mplcyed In the present inv ntion l« a highly dlaperstble 
organophillc clay, such aa the commercially available material lold under the trade name BCNTONg SD-i. 
The suspension agent is to be present in the concentrate at an amount from about 0.5 to about 3.0% by 
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weight. At concantrattons below the lower limit at ttil9 range, undeslrabfd polymer settling will ba observed, 
while concentrations above ihm range will reaott fn an unpumpable slurry. The most preferred suspension 
agent concentration is from about i .0 to about 1 .5% by weight of the concentrate. 

The surfactant or dlspersant useful according co the present Invention Is generally any such material 

3 that Is capable of both wetting the suspension agent for dispersion in the hydrophobic solvent and stripping 
the hydrocarton from the polymer particles upon introduction Into the water to allow hydration of the 
polymer. As such, this would include by way of example, but not limited thereto, ethyoxylated nonyl ph noi. 
alkylQxylated alcohols having polymerized propylene oxide and/or ethylene oxide, other copolymers of 
propylene oxide and ethylene oxide or the like, glycol ethers, various derivatives thereof and mixtures. The 

10 Aurfactant is preferably an ethoxylated nonyl phenol employed at a concantration of about 0.2 to about 
5.0% by weight of the concentrate. Employing a surfactant at a concentration below the lower limit results 
in polymer paddng. 

To further illustrate the invention, the following Examples are presented, demonstrating various aspects 
and features of the novel composrtions and associated methods according to the present invention. 
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EXAMPLE 



In order to Illustrate a typical fracturing fluid concentrate according to the present Invention, the 
20 following components were employed to produce a slurry as follows: 

Carpon€ofc Qumtity Per weight % 

1000 Gal. Slurry 



Diesel Ho- 2 $20 gal- 48-4 

Ozgancphilic Clay 100 lbs. i,i 

Ethoacylatad NGRylphanol S gal. o«5 

ffiidroxyprppyl Guar 4500 IhB. SO.O 



Initially, the diesel No. 2 was placed In an appropriate tank and the ethoxylated nonylphenot surfactant 
3j was added with mild agitation. The organophillc clay suspension agent was then added with further agitation 
of sufffcient sheer to be dispersed and activated. The hydroxypropyi guar polymer was then added si wly 
and mixed until a unifonm slunry resulted. 

The hydration rate of the resulting fracturing fluid concentrAe was then measured using a model 35 
fann viscometer wfth a number 1 spring, standard bob and rotor at 100 rpm at room temperature. At time 
zero the concentrate was dUuted with water at a dilution corresponding to 9 gallons of concentrate per 
thousand gallons of water, which la equivalam to about 40 pounds of polymer per thousand gallons of water. 
The aqueous water phase employed involved detonixad water containing 1% by weight potassium chloride 
adjusted to approximately pH>i6.0. using fumaric acid. The apparent viscosity was measured as a function 
of time and is presented In the following TABLE I representative of the hydration rate of the fracturing fluid 
concentrate. 

TliSrZ I 

Time (minutes) 1 2 3 S 10 

50 Apparent Vlacosity (cp) 36 52 ff7 73 73 



m order to evaluate the stability of the concentrate, a portion of Ih above fracturing fluid concentrat 
was stored at 25 C for 28 days. The settling, packing and response to agctation was periodically observed. 
The resulting obaervati ns are presented in TABUE II. 
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Tixna (days) Settling Packing Agitation Rejuirad 

Tb Resuspet^ 

none none 
to none none 

nona 

very miniital 
very minimal 
znininal 

none aLninal 
1% SDderate 



IS 



initial 


nona 


O.S 


none 


1 


none 


2 


1% 


4 


2« 


7 


2% 


14 


3% 


28 





ao 



25 



30 



Aftar thm 28 day 3torag« p«riod. the hydration rmta of tho coneantrata was again measured in tha 
manner previously deacribod.. Tho resulting dau ara prasentad in TABL£ 111. 

TMIZ III 

Tlfltt (miAUtefl) 1 2 3 5 10 

Afparent Visoosity (cp) 3S . SI 65 73 73 



From ma above EXAMPLE t, it can ba concludad that a fracturing nurd sfun^ concantrate. consistfng of 
hydroxypropyl guar suspended in diasal No^ at relatively high polymer loading of 50% by weight and 
using an organophitlc cfay and athoxylated nonyfphanol aa tha suspension agenVsurfactant readily 
disperses and rapidly hydrataa when admixed to a i % KCt brine having cha pH adjusted to 8 by use of an 
,5 organic acid. It ia further concluded that the slurry concentrate is extremely stable over a duration measured 
in tem^s of several weeks requiring only moderate agitation to reverse settling and packing of the polymer 
without altering the rate of hydration* 



^0 EXAMPLE II 

In order to demonatrate and evaluate the methods of preparing the fracturing fluid concentrates and the 
subsequent formation of the high viscosity fracturing fluid according to the present invention, a total of 90 
barrels of slurried fracturing fluid concentrate was made in a stirred 45 barrel tank by the following two 
4S procedures, tn each 45 barrel batch, the component formulation as present in EXAMPLE I was employed 
using diffaring admixing sequences as follows: 



Procedure A 

1. Load 1120 gallons of dieael No. 2 into the tank (clean and dry). 

2. With the peddles turning at low speed, add 0 gallons ethyoxyiated nonyl phenol and 180 pounds 
organophillc clay. 

3. Close the hatch. Agitate with paddles at high speed for 30 minutes. 

4. Stow paddles to tow speed. Add 8000 pounds hydroxypropyl guar. 

5. Close (he hatch. Agitata at medium speed for 10 minutea. 
0. Sample. 
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Proc«dur« 3 

1. Load 11 20 gallons of die^el No. 2 into the tank (daan and dry). 

2. Wfth paddlaa turning at low speed, add 8000 povinda of a dry bland of HPQ. organophitlc clay and 
aurfactant 

3. Oofi9 tna hatch. Agitata at htgh speed for 40 mlnutea. 

4. Stop agitator and sampia. 

Static suspenaion atabitlty cbaan/ationa ware then perfQimed on each of the 45 barrel batches produced 
by the two procedurea, A and 6. The resulting data ara presented in TABLE IV. 



Mixing TiiOQ, xnin 
Free Oil, 24 hj:. 
Settling, 24 hr- 
Packlng, 24 hr. 



TABLE IV 
Procedure A 
40 
2,1% 
none 
none 



Procedure B 

40 

1.9% 
none 
none 



Additional obaen/ationa, including slurry viscosity and consistency and the viacosifled yield of the resultant 
fracturing fluid, indicated that the handling characteristics and perfonmanca of slurries made by the two 
procedures were esserrtialty the same. 



EXAMPLE III 

A Held test of the fracturing fluid slurry concantrata was performed on a wall located in Zapata County. 
Texas. The test involved formulating 45 ban^aia of slurried fracturing fluid concantrata similar to procedure 8 
of EXAMPLE II employing a prebfend of the polymer, suspension agent and surfactant using the 
component blend of EXAMPLE I. The fracturing fluid slurry concentrate was used to continuously mix 6000 
barrels of high viacosity fracturing fluid, which was subsequently crossllnked to form a gelled fluid us d to 
perform a hydraulic fracturing treatment The treatmam was succasafuHy comptatad. placing 1.4 MM 
pounds of proppant in the formation. 

In view of the abova* tha difference between th« preaant Invention and the prior art and tha benefits and 
advantages of the present Invention ara considered numeroua and signrficant For example, tha present 
invention differs from the prior art In that pourabia/pumpable polysacchartde polymer slurries ara achieved 
at polymer concentrations up to atsout 60% by weight Tha invention further differs from the prior art in that 
the use of hydrophobic solvents eliminate the need to inhibit the hydration of the polysaccharide polymer. 
The advantagea of the present invention further involve the producttcn of polymer concentrataa that are 
highly stable for sustained periods of time under oil field conditions exhibiting minimal settling and pacidng 
both of which are readily reversed with moderate agitation. The polymer slurry concentrates also readily 
disperse and hydrate at rates superior to hydration of HPQ or other polysaccharld polymer individually. Th 
polymer slurry concentrates according to the present invention also yield more consistent gels with fewer 
manhours expended while the blending and subsequent hydration to form the fracturing fluid can be 
performed on location at the well site. The use of the polymer slurry concentrate according to the present 
Invention further avoids or alleviates problems and hazards associated with handling large quantities of dry 
polymers on location. And the loss or deterioration of the fracturing fluid associated with on site delay or 
Intenruptton are virtually eliminated. 

Having thus described the Invention wiOi a certain degree of particulartty. it is to be understood that the 
Invention Is not limited to the embodiments sat forth herein for purpoaea of axampUflcation. but ia to be 
limited only by the scope of the attached claims. Including a full range of equivalents to which each element 
tiiereof is entitied. 
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Clalma 

1 . A fraauring fluid concentrate comprising: 

(a) from a^out 40 to about 70 parts by w«jgnt or a hydrophobic soivant: 
5 (b) from about 60 to about 30 parts by weight of a hydratabta polymer; 

(c) From about 0.5 to about 3.0 parts by wmigtM of a suspension agent: and 

(d) from about 0.2 to about 5.0 parts by weight of a surfactant. 

2. A fracturing fluid concentrate of Claim 1 wherein said hydrophobic solvent m present from about 46 
to about 55 parts by weight and said hydratatsia polymer is present from about 55 to about 45 parts by 

70 weight 

3. A fracturing concentrate of Claim 2 wherein said hydratabie polymer is selected from the group 
consisting of guar, hydroxypropyl guar, carboxymathyl hydroxypropyi guar, carboxymethyl hydroxyethyi 
cellulose, poiyacrylamide or derivatives and mixtures thereof. 

4. A fracturing fluid concentrate of Claim 2 wherein said hydratabie polymer ia hydroxypropyl guar. 

t5 5. A fracturing fluid concentrate of Claim 4 wherein said surfactant is an ethyoxylatad nonyl phenol or 
an ethylene oxide propylene oxide copolymer. 

6. A fracturing fluid concentrate comprising: 

(a) for every 1 part by weight of a carrier fluid consisting of: 
(i) a hydrophobic solvent 
20 {ii) 'a suspension agent and 
(iii) a surfactant 

(b> an excess of about 0.3 parts by weight and up to about 1.5 parts by weight of a hydratabie 
polymer. 

7. A fracturing fluid concentrate of Claim 6 wherein said suspension agent is an crganophilic day and 
3S said hydratabie polymer is hydroxypropyl guar. 

8. A method of producing a fracturing fluid for hydraulic fracturing of subterranean formations 
comprising the steps of: 

(a) preparing a fracturing fluid concentrate comprising: , 

(t) from about 40 to about 70 parte by welgtn of a hydrophobic solvent 
2Q 00 ^m about 60 to about 30 parts by weight of a hydratabie polymer 

(lit) from about 0.5 to about 3.0 parts by weight of a suapenaton agent: and 
(Iv) from about 0.2 to about 5.0 parts by weight of a surfactant 

9. A method of producing a fracturing fluid of Claim 8 wherein said preparing of the fracturing fluid 
concentrate further comprises the steps of: 

35 (a) prebiending said suspension agent surfactant and hydratabie polymer xa a dry powder blend; 

and 

(b) subsequently admixing said dry powder blend to said hydrophobic solvent base. 

10. A method of producing a fracturing fluid of Claim 8 wherein said preparing of the fracturing fluid 
concentrate further comprises the steps of. 

40 (a) admixing said suspension agent and said surfacent to aald hydrophobic solvent base; and 

(b) subsequently admixing said hydratabie polymer to said admixture of said hydrophobic solvent 
base, suspension agent and surfactant 
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